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Abstract 
Hydraulic pressure sensor in the automobile is vulnerable to be polluted by the environment of vehicle, the excitation 
of road and other factors. In this paper, a method based on wavelet analysis is proposed to solve the interference of 
hydraulic sensor signal. With the wavelet time-frequency analysis, the development trend of the effective signal is 
identified by wavelet decomposition. Then on the basis of the estimation method, which estimates the noise variance 
by correlation coefficients, the sensor signal is treated by use of wavelet threshold de-noising. Finally, the available 
sample value of the signal is constructed by mean filter. In addition, it has been proved by the experiment that the 
approach, put forward in this paper, is an effective way on the analysis of hydraulic signal and noise elimination. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction
Hydraulic pressure sensor is widely used in the automatic weighing system. But the sensor signal is 
always interfered by various factors, such as the speed of vehicle, the excitation of road and the force of 
tires. As a result, it is very difficult to obtain the high accuracy of sampling signal. 
Several methods have been used to process the hydraulic signal, such as Mean Filter, Fast Fourier 
Transform (FFT) and Neural Network [1]. By comparison, the features of wavelet are as follows: 
1) Analyze signal from superficial to profound and coarse to fine.  
2)  Reveal the signal in the form of different frequencies.  
3) Localize the feature of signal both in frequency domain and time domain. 
4)  Identify the trend of the effective signal. 
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Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
2144  Xin Shi et al. / Physics Procedia 24 (2012) 2143 – 2150
Author name / Physics Procedia 00 (2011) 000–000 
In the classical method of FFT, for the purpose of separating signal and noise by time-invariant filter, 
it must make the frequency overlapping, between signal and noise, as little as possible. Otherwise, the 
FFT method can’t meet the demand of filter. Moreover, compared to the neural network method, which 
needs vast amount of network training, the wavelet analysis owns several merits, such as simple 
calculation, feasibility and so on. 
2. Wavelet Transform 
The discrete wavelet transform (DWT) can be implemented by the multi-resolution analysis. The 
decomposition coefficients of wavelet can be computed by Mallat pyramid algorithm[2]:  
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Where ,j kd  is wavelet coefficient, ,j kc is the approximation of signal at scale j ; 0h and 1h are the low 
pass and high pass filter coefficients respectively. Also, it is proved that the raw signal can be 
reconstructed by a filter bank, and the high-resolution coefficients can be computed by the low-resolution 
coefficients [3] [4]. 
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2. Wavelet Threshold Denoising 
2.1 Wavelet Threshold Denoising Method 
The wavelet threshold de-noising, brought forward by Donoho[2][5][6], is as follows. When wavelet 
coefficient is more than the threshold or equal to it, the coefficient is hold or shrunk by threshold function 
[7]. If not, the coefficient is set to zero. Finally, it operates the wavelet coefficients reconstruction[8][9], 
based on estimated coefficients, to build the de-noising signal.  
2.2 Noise Variance Estimation Based on Correlation Coefficients 
However, in the practical application, the estimation of noise variance, brought forward by Donoho[2], 
can’t meet the request of filtering. The method of Donoho is described as follows: 
                  ,(| |) / 0.6745j kmedian w .                         (3) 
Usually, in a small scale, especially in the first transform level, the actual signal is buried by 
interference, so the variance of noise can be estimated by the coefficients on this level [10]. 
The wavelet coefficients based on the first scale are defined as (1, )Wf n , where n  is positive integer. 
Assume that (1, )Wf n are mainly generated by the noise, then the result can be inferred as follows: 
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where 0g is unit impulse response sequence， δ is the variance of the noise, ( )Pw j is defined 
as 2
1
( ) ( , )
N
n
Pw j Wf j n
=
= ∑ ,and • is the 2-norm. N is the number of sample points. 
To improve the accuracy of estimation, we define the correlation coefficients based on the first two 
levels: 
            2(1, ) (1, )* (2, ), 1,2, ,Corr n Wf n Wf n n N= = " .       (5) 
With the comparison between 2(1, )Corr n and (1, )Wf n , if 2(1, ) (1, )Corr n Wf n≥ , then the corresponding 
coefficient (1, )Wf n should be set to zero. Also, the change wavelet coefficient is described as (1, )W f n ,
the number of alteration is defined by k . In conclusion, the variance of the noise can be estimated by the 
formula: 
                     0(1)/( 1) /wP N k gσ = − − ,                    (6) 
3. Wavelet Analysis of  Hydraulic Signal 
In this paper, we preferred to use the method, combining wavelet threshold de-noising with the mean 
filter, to get the effective signal. 
3.1 Selection of Mother Wavelet 
Since the hydraulic signal is obtained by discrete sampling, the discrete wavelet transform (DWT) will 
have the priority to be chosen. So Morlet and Mexican hat wavelet have been excluded. 
Due to the vibration of vehicle or the excitation of road, hydraulic signal is seriously polluted, so the 
wavelet function must have good localization properties in time and frequency domains. But the Meyer 
wavelet function, because of compact support, is excluded. Although the Harr wavelet has a strong 
temporal locality, it is less capable of local analysis in frequency domain, so it is not suitable for analysis 
in this environment.  
To a certain degree, Daubechies, Symlets and Coiflets wavelet functions are basically available for the 
analysis of hydraulic signal. In this paper, Db4 has been chosen as the mother wavelet.
3.2 Determinate Wavelet Decomposition Level 
The purpose of signal de-noising is to extract the characteristics of effective signal, so the wavelet 
coefficients should be able to reflect the minimum frequency components of the effective signal. When a 
signal is decomposed into different frequency bands by wavelet decomposition, which is equivalent to 
band-pass or low pass filter in each level. The approach, in reference [7], is adopted to determine the 
appropriate level of wavelet decomposition. 
The relation between scale and frequency is defined as
*a
fcf
a Ts
= . Where
a
f is the pseudo-frequency 
of scale a , cf is the center frequency of wavelet, and Ts is the sampling period. On the principle of above, 
a conclusion can be drawn as follows:  
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Note that a  contains the decomposition times. 
According to the Fourier Transform based on hydraulic signals, we choose 2Hz as the minimum 
effective frequency. When the sampling frequency is 100Hz, and the center frequency of Db4 is 
0.7143Hz, the corresponding wavelet decomposition level is six, deduced by (7).  
3.3 Hydraulic Signal De-noising By Threshold  
With the result of sensor signals processed by FFT, shown in Fig.3.1, the noise, distributed in different 
frequency bands evenly, tallies with the feature of White Noise partly. Thus, wavelet threshold filter has 
become to the preferred method to eliminate the white noise.
Figure 3.1 The result of sensor signals processed by FFT 
To achieve a better filter result, an improved wavelet threshold de-noising function, is defined as 
follows: 
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(8) 
where λ is the estimated threshold of noise, which can be estimated in different levels by using the 
coefficients[11] as 
                            2 log / log( 1)N jδ + ,                          (9) 
and the variant k is the ratio coefficient to keep the continuous of the function, and adjust the 
development trend of the threshold function. The coefficient k  is defined as 0.1in the test experiment. 
The cutoff points of 0.5 λ and 1.5 λ  are determined by the value of λ in different levels and the density 
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distribution of White Noise. About the function in (9), N is the number of sample points, andσ is the 
estimated noise variance based on correlation coefficients. Also, j is the level of wavelet decomposition. 
3.4 The Results of the Experimental Treatment 
In practical applications, the useful signal is usually presented by low-frequency or stable signal, while 
the noise signal is often manifested as high-frequency signal [12], so it can be an effective processing way 
to detect the trend of useful signal by the time-frequency analysis of wavelet decomposition. 
To interpret the processing of hydraulic signal based on wavelet analysis clearly, we choose a typical 
hydraulic signal for the vehicle at low speed. The curve of chosen signal is shown in Fig.3.2. Note that the 
waveform of pressure signal is manifested as sample value, which is obtained through translation.  
Figure 3.2 The curve of the chosen hydraulic signal 
For the analysis of chosen signal, the result of decomposition in the certain scale is shown in Fig.3.3. 
According to the low-frequency of the sixth decomposition, mapped as CA6, the trend of hydraulic 
pressure signal can be identified obviously. In theory, when the hydraulic pressure sensor is at a fixed 
stroke, the value of pressure signal is stable and unchanging. But due to the vehicle vibration, road 
surface excitation and other factors, the actual pressure signal is oscillating around a stable amplitude 
relatively. What’s more, the stable amplitude always represents the tendence of actual signal. 
Figure 3.3 The low frequency of signal in the scale of six 
For the spectrum analysis of chosen signal, the structure of frequency in different resolutions is shown 
in Fig.3.4 and Fig.3.5. It can be deduced that the noise of sensor signal is composed of Gaussian White 
Noise, the7.5Hz vibration signal, the 5Hz vibration signal, the3.3Hz vibration signal, the1.1Hz vibration 
signal. 
Figure 3.4 The spectrum of the main frequency bands 
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Figure 3.5 The structure of spectrum in different resolutions 
For the threshold de-noising of chosen signal, the result is shown in Fig.3.6. Especially, the improved 
threshold function, described by (9), is cited in wave filtering. To express the effectiveness of novel 
threshold de-noising, we compare the result spectrum of the filtered signal and the original signal, which 
is shown in Fig. 3.7. 
Figure 3.6 The result of noise elimination 
Figure 3.7 The contrast of spectrum 
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To test the effectiveness of the proposed method in actual application, we had the different weights 
loaded in the cargo compartment of truck, which could generate different hydraulic pressure. Also, 
several angle sensors were placed at the bottom of the cargo bay, by the use of weighting the strokes of 
hydraulic sensor. Then let the dump vehicle travels at low speed on a relatively stable road. Combining 
the low-frequency signal, derived from wavelet decomposition, with the mean filtering, the effective 
hydraulic sample value in the current test environment was estimated. 
The contrast of sample value between the theoretic and the discussed, which is based on wavelet 
analysis and mean filter, is shown in Table 1 and Table 2. The results below are in the basis of that, the 
bottom of the cargo bay with the ground plane is under a certain angle.  
Table I. The Contrasy Result By Angle 4 
Weight  
(Kg) 
The contrast result  
Discussed 
Method  
Theoretical 
Sample Value 
Error 
Percent  
2000 1258.33 1256.00 0.19% 
1500 1228.70 1222.00 0.55% 
1000 1190.34 1190.00 0.03% 
500 1151.80 1156.50 0.41% 
Table II. The Contrasy Result By Angle 8 
Weight  
(Kg) 
The contrast result  
Discussed 
Method  
Theoretical 
Sample Value 
Error 
Percent  
2000 1300.00 1303.00 0.23% 
1500 1260.00 1257.50 0.20% 
1000 1222.44 1219.04 0.28% 
500 1182.21 1183.50 0.11% 
With the comparative analysis about the above data, the error percentage, by the method based on 
wavelet analysis and mean filter, is basically no more than 1/2 percent, meeting the accuracy of the 
dynamic weighing. 
4. Conclusion 
In this paper, we discussed the processing of hydraulic sensor signal based on wavelet analysis and the 
mean filter. Through the experiment, we draw the conclusions as follows: 
1) The discussed method can determine the trend of the effective signal and identify the 
characteristics of the frequency components. With a combination of the estimation of noise 
variance by correlation coefficients and mean filter, the accuracy of the sample values is 
improved.  
2) With the estimation of noise variance by the correlation coefficients, the improved wavelet 
threshold function can keep the edge features of the real signal and eliminate the noise 
efficaciously. So, it provides a reliable basis for the analysis of hydraulic sensor signals in the 
automotive environment. 
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3) The analysis of the frequency components in the different scales, combined with the vibration 
modeling of the vehicle or the surface modeling of the road, can guide us to expand further 
discussion about the source of the frequency components. 
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